Summary
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Introduction
In the hilus of the human ovarium and in the mesovarium, groups of large epithelioid cells are closely associated with blood vessels and unmeyeilinated nerve fibers. These epithelioid cells were considered to be paraganglion cells or chromaffin cells (Bucura, 1907; Winiwarter, 1910; Neumann, 1928 The ovarian hilus cells are rich in lipid and lipochrome pigments and contain cytoplasmic crystals apparently identical to those of Reinke. They are present at birth and can be identified within the first year after birth.
From one year to the age of puberty they are absent or extremely diff icult to observe, however they become prominent during pregnancy (Brannan, 172NISHIDA,   ET AL. 1927; Dhom, 1954 and 1955) . They respond to stimulation by chorionic gonadotropin (Sternberg 1949) . Tumorous growth and hyperplasia of these cells are associated with the clinical signs of defeminization and virilization (Sternberg, 1949) . Watzka (1957) has briefly reviewed the morphology of hilus cells. The characteristics and appearance of these cells indicate that the ovarian hilus cells are similar to human testicular Leydig cells from morphological , functional and embryological aspects. However, the ultrastructure of human ovarian hilus cells has not been described except in a short report by Brandau et al. (1974) .
The aims of the present study are to examine the fine structure of the ovarian hilus cells in thehuman female by transmission electron microscopy (TEM) and to clarify the functional relationshipbetween hilus cells and nerve fibers.
Material and Methods
An intact ovary was obtained from a human female, 77 years of age, in the course of the surgical extirpation of uterine cervical cancer. The hilus of the ovary was removed and cut into small pieces . The small specimens were fixed with 2.5 % glutaraldehyde-formaldehyde for 2 hours, rinsed with phosphate buffer, post fixed in 1 % OsO4 buffer for 2 hours, dehydrated in a series of acetone , and embedded in Epok 812. The sections were cut on a Porter-Blum ultramicrotome and observed by Hu-12 As, H-500 and JEM 100 S electron microscope after staining with lead and uranyl acetate . The semithin sections, about l darn thick, were stained with toluidine blue for light microscopy .
Results

Light microscopic observations
The ovarian hilus in the human female is a part of the loose connective tissue which contains many blood vessels and nerve fibers.In this tissue there are clusters of hilus cells with an epithelioid appearance. Many of the hilus cells are found in groups (Fig. 1 a) . The nucleus of the hilus cell is spherical in shape . The cytoplasm is well stained with toluidine blue, and contains many granular lipochrome pigmentsand rod-shaped crystalline bodies, like those of Reinke (Fig. 1 b) . The hilus cells are often in close contact with nerve fibers with or without myelin sheaths. The nerve fibers are occasionally seen invading the cluster of hilus cells (Fig. 2 a and b) .
TEM observation
The hilus cell has various shapes such as polygonal, oval or rectangular , and is 20-30 ,am in diameter. The cell surface has irregular processes. The nucleus of the hilus cell is about 10 ,gymin diameter, neany round in contour, and usually located excentrically.
The nucleus is composed of a moderately dispersed euchromatin, a small amount of heterochromatin and prominent nucleoli.At low magnification lipof uscin granules of various sizes and organelles are scattered throughout the cytoplasm (Fig. 3) . In some areas cell membranes between adjacent cells are differentiated to form gap junctions.
The plasma membrane of individual hilus cells facing the connective tissue is incompletely surrounded by a thin basement membrane (Figs. 4 and 5).
The most prominent cytoplasmic organelle of the hilus cell is the extensively developed smooth endoplasmic reticulum (smooth ER) which is characteristic of steroid secreting cells. In the majority of the cells, the smooth ER is a network of interconnecting tubules and is compactly distributed throughout the cytoplasm (Figs. 6 and 7 a). In some of the cells, the tobules of thesmooth ER are arranged in parallel, and there are concentric lamellae around the tubular smooth ER. Both types of ER interconnect with each other (Fig.  7b) . A few tubules of the rough ER are continuous with lamellae of the smooth ER in the peripheral portion of the cytoplasm (Fig. 5) .
The cytoplasm also contains lipid droplets of variable number. The closely packed smooth ER is often organized around the lipid droplets ( Fig. 5 and 6 ).
Mitochondria are abundant in the cytoplasm of the hilus cell. They are generally oval or rod shaped, but some have bizarre shapes. The mitochondrial cristae are frequently tubular instead of lamellar. The matrix is low in density, and occasionally contains spherical, dense mitochondria)granules (Fig. 8 ). The Golgi complex of the hilus cells is well developed in the juxtanuclear region of the cytoplasm. The element of the Golgi complex consists of closely packed flat lamellae, small vesicles and large vacuoles. No secretory contents appear in the Golgi component.
In addition, coated vesicles commonly exist in association with the Golgi complex (Fig. 9) .
Crystals corresponding to the crystal of Reinke in human testicular Leydig cells occur in the cytoplasm of the ovarian hilus cells. The crystals are present in many, but not all, of the hilus cells. They vary considerably in number, in contour and in size. Their form is usually irregularly polygonal but sometimes hexagonal or rectangular. Fig. 10 shows an irregular-shaped crystal. The configuration of the crystalline subunit varies depending upon the direction of the section. In an appropriate section, the regular parallel internal pattern of the hexagonal crystal can be seen (Figs. 10 b and Occasionally the perineurium envelopes both the hilus cells and the myelinated nerve fiber (Fig. 12) .
The nerve ending is situated near the hilus cell in rare cases. The axon of the nerve fiber whichis invested with Schwann cells is located 60 nm from the hilus cell membrane.
Many synaptic vesicles consisting of large cored vesicles and small clear vesicles have accumulated predominantly on the side which is presynaptic to the hilus cell (Fig. 13) .
There are also abundant blood capillaries near the cluster of hilus cells. Two types of capillaries can be discerned; one is the fenestrated capillary and the other is the continuous capillary.
The . fenestrated capillary is more frequently observed (Fig. 14) .
Discussion
The human ovarian hilus cells described in this study have abundant smooth ER, mitochondria with tubular cristae, lipid droplets and a crystalline structure like Reinke's crystal. These ultrastructural findings are identical with those of the mature testicular Leydig cells in the human (Fawcett and Burgos, 1956, 1960; Yamada, 1965; de Krester, 1967 a; Nagano and Ohtsuki, 1971; Christensen, 1975) . The smooth ER of the hilus cell appears sometimes vesicular, but this may be an artifact from thetissue preparation, as in the case of the Leydig cells of the guinea pig (Christensen, 1965) . In the cytoplasm of the hilus cells, the majority of the smooth ER is tightly packed with the tubular network as reported for the cytoplasm of the human Leydig cells (Yamada , 1965) . The smooth ER of the hilus cell varies in contour according to the degree of cell development. It has been reported that the variation of ER may reflect different f unctional levels in the life cycle of each cell (Fawcettand Burgos, 1960; Yamada, 1965 The aggregation of f ilamentous structures has been considered to be the structural precursorsof crystals in human Leydig cells, however the mechanism of crystal formation is still unknown (Yamada, 1965; Nagano and Ohtsuki, 1971 ). This structure was observed, not only in the cytoplasm, but also in the nucleus (de Krester, 1967; Yasuzumi et al. 1967 ). The present study demonstrates that the filamentous structure is also included in the crystal.
Lipofuscin granules in the cytoplasm of the hilus cells can be utilized as a criteria for aging, as they are used in the human Leydig cells. In light microscopic picures, lipofuscin granules appear as brown pigment. As a result, the ovarian hilus cells were initially mistaken for chromaff in cells (Watzka, 1957) .
Furthermore, the other aspect of the hilus cells which indicated that they were part of a chromaffin system is the close relationship between the cells and unmyelinated nerve fibers (Watzka, 1957) . A number of early investigators have noted that the hilus cells appear scattered or singly within a nerve trunk and lie between individual unmyelinated nerve fibers (Berger, 1922 (Berger, , 1923 (Berger, , 1928 Brannan, 1927; Kohn, 1928; Neuman, 1929; Sternberg , 1949; Sauramo, 1954; Dohm, 1954 Dohm, , 1955 Watzka, 1957) . A similar morphological relationship of the human testicular Leydig cells and nerve fibers was also observed (Berger, 1922 (Berger, , 1923 (Berger, , 1928 Brannan, 1927; Sternberg, 1949 1969; Lieberman, 1968 ). 1n addition, mast cells and macrophages also appear within the endoneurium during states of inflamation, injury and demyelinization of peripheral nerve fibers (Olsson, 1968; Wisniewski et al. 1969; Olsson and Sjostrand, 1969) . There is no report on the occurrence of other types of cells in the endoneurium. The presence of hilus cells in the endoneurium of the ovarian peripheral nerve fibers is very characteristic in this study. The blood capillaries of the testicular interstitial tissue in the human are nonfenestrated.
With increasing age the endothelial cell and the surrounding basement membrane become thicker, resulting in a reduction of the functional activity of the interstitial cells (Murakami, 1970 
